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(57) ABSTRACT

An amplifier circuit that 1s less likely to cause an error 1n a
gain and a DC offset voltage and 1s suitable for reducing a size
and power consumption 1s offered. A first resistor and a sec-
ond resistor are connected 1n series between an input terminal
and an output terminal. A third resistor and a fourth resistor
are connected 1n series between a VREFL terminal and a
VREFH terminal. A ratio of a resistance of the first resistor to
a resistance of the second resistor 1s equal to a ratio of a
resistance of the third resistor to a resistance of the fourth
resistor. A voltage at a connecting node between the first
resistor and the second resistor 1s applied to a first differential
input terminal (-) of an operational amplifier, while either a
voltage at a connecting node between the third resistor and the
fourth resistor or VREFH 1s selectively applied to a second
differential input terminal (+) of the operational amplifier. An
output of the operational amplifier 1s outputted through the
output terminal as well as being applied to the first differential
input terminal through the second resistor that serves as a
teedback resistor.

5> Claims, 1 Drawing Sheet
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AMPLIFIER CIRCUIT

CROSS-REFERENCE OF THE INVENTION

This application claims priority from Japanese Patent
Application No. 2007-220172, the content of which 1s 1ncor-
porated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an amplifier circuit that has a level
shift function.

2. Description of the Related Art

Semiconductor integrated circuits move to finer design
rules and a lower power supply voltage. In some cases, how-
ever, they are required to operate at a power supply voltage
higher than a certain voltage. For example, a semiconductor
integrated circuit used for audio signal processing has a signal
processing-associated circuit that operates being provided
with a low power supply voltage and an output-associated
circuit that operates being provided with a higher power sup-
ply voltage. In such a case, there 1s a need to shift a DC level
of a signal outputted from the signal processing-associated
circuit so as to adjust to a DC level of the output-associated
circuit as well as a need to amplify and output the shifted
signal 1n the output-associated circuit.

An outline structure of a conventional semiconductor inte-
grated circuit used 1n the audio signal processing 1s described
hereafter referring to FIG. 2. The semiconductor integrated
circuit shown in FIG. 2 has a signal processing-associated
circuit 100 that operates being provided with a first power
supply voltage VDDL and an output-associated circuit 101
that operates being provided with a second power supply
voltage VDDH that 1s higher than the first power supply
voltage VDDL.

A level shift circuit 102 1s provided 1n a rear stage of the
signal processing-associated circuit 100. The level shitt cir-
cuit 102 changes a DC level of an mput signal Vin supplied
from an 1nput terminal 103 without changing 1ts amplitude,
and 1s composed of components including an operational
amplifier and a plurality of resistors. For more details, refer to
FIG. 1 of Japanese Patent Application Publication No. 2001 -
244760, for example.

When the mput signal Vin has amplitude centered around a
voltage VREFL, the voltage VREFL 1s usually set at a half of
VDDL 1n order to secure a maximum dynamic range. Thus,
the mput signal Vin can swing to its maximum amplitude
making a haltf of VDDL a center of the amplitude.

The output-associated circuit 101 1s provided with a resis-
tor 104, a resistor 105 and an operational amplifier 106. A
signal outputted from the level shift circuit 102 1s applied to a
first differential input terminal (-) of the operational amplifier
106 through the resistor 104, while a voltage VREFH 1s
applied to a second differential input terminal (+) of the
operational amplifier 106. An output of the operational ampli-
fier 106 1s outputted from an output terminal 107 to a circuit
such as a speaker (not shown) 1n a subsequent stage, as well as
being applied to the first differential input terminal (-)
through the resistor 105 that serves as a feedback resistor.

When an output signal Vout has amplitude centered around
the voltage VREFH, the voltage VREFH 1s usually set at a
half of VDDH because of the same reason as described above
regarding the input signal Vin. Thus, the output signal Vout
can swing to 1ts maximum amplitude making a halt of VDDH
a center of the amplitude.
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Next, the output signal Vout will be described using the
voltage VREFH, a resistance R1 of the resistor 104, a resis-
tance R2 of the resistor 105 and the like.

The DC level of the input signal Vin 1s shifted by (VREFH-
VREFL) by the level shift circuit 102. Therefore, when a
voltage supplied to the first differential input terminal (-) of
the operational amplifier 106 1s denoted by V1, V1 1s repre-
sented by the following equation 1:

R1Vour+ R2(Vin+ VREFH — VREFL) |Equation 1]

V1= R1+R2

Here, the mput signal Vin 1s represented by the following
equation 2:

Vin=VREFL+vi [Equation 2]

where vi1 1s a change 1n the input voltage Vin. Therefore, the
equation 1 turns into the following equation 3:

 R1Vour+ R2(vi + VREFH)
- Rl1+R2

|Equation 3]

Vi

On the other hand, when a voltage supplied to the second
differential input terminal (+) of the operational amplifier 106
1s denoted by V2, V2 1s represented by the following equation
4, as described above:

V2=VREFH [Equation 4]

Since a difference between the two differential input volt-
ages to the operational amplifier 106 1s 1deally zero, V1 1s
equal to V2. Combining the equation 3 with the equation 4
derives the following equation 5 which represents the output
voltage Vout:

R2 uation 3
Vour = —=vi + VREFH B |

However, there are problems with the conventional struc-
ture shown 1n FIG. 2. The problems are an error in the gain
and a DC offset voltage caused by variations in the level shaft
operation of the level shift circuit 102.

In order to reduce a size and power consumption of the
semiconductor integrated circuit, 1t 1s required that the level
shift operation and the amplification as described above are
implemented with as small circuit area as possible and with
low power consumption.

This mvention intends to offer an amplifier circuit that 1s
less likely to cause the error in the gain and the DC offset
voltage and 1s suitable for reducing the size and the power
consumption.

SUMMARY OF THE INVENTION

This mvention 1s directed to solve the problems addressed
above and has following features. This invention oifers an
amplifier circuit that shifts and amplifies a signal having
amplitude centered around a first voltage into a signal having
amplitude centered around a second voltage, including a first
resistor and a second resistor connected 1n series between an
input terminal and an output terminal, a third resistor and a
fourth resistor connected 1n series between a first terminal to
which the first voltage 1s applied and a second terminal to
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which the second voltage 1s applied, and an operational
amplifier having a first differential input terminal to which a
voltage at a connecting node between the first resistor and the
second resistor 1s applied and a second differential input
terminal to which either a voltage at a connecting node
between the third resistor and the fourth resistor or the second
voltage 1s selectively applied and providing its output to the
output terminal as well as to the first differential input termi-
nal through the second resistor that serves as a feedback
resistor, wherein a ratio of a resistance of the first resistorto a
resistance of the second resistor 1s equal to a ratio of a resis-
tance of the third resistor to a resistance of the fourth resistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram showing an amplifier circuit
according to an embodiment of this mnvention.

FIG. 2 1s a circuit diagram showing a conventional semi-
conductor integrated circuit.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of this invention will be explained here-
inafter, referring to FIG. 1 which shows a circuit diagram of
an amplifier circuit 1 according to the embodiment of this
invention.

The amplifier circuit 1 receives a VDDL-associated signal
outputted from a circuit operating being provided with a first
power supply voltage VDDL at an imnput terminal 2, amplifies
as well as shifting the VDDL-associated signal to a VDDH-
associated signal that 1s adjusted to a circuit operating being
provided with a second power supply voltage VDDH that 1s
higher than the first power supply voltage VDDL, and outputs
the VDDH-associated signal {from an output terminal 3. Note
that VDDL<VDDH 1n the embodiment.

A first resistor 4 and a second resistor 5 are connected 1n
series between the mput terminal 2 and the output terminal 3.
The second resistor 3 may be a variable resistor that can be
varied to adjust a gain of an operational amplifier 10, as
shown in FIG. 1. In this case, the second resistor 5 1s provided
with a plurality of resistor elements and a plurality of switches
cach connected with each of the resistor elements, respec-
tively. A resistance of the second resistor 3 can be varied by
selectively turning on the switches so that arbitrarily selected
resistor elements are bypassed to vary the resistance of the
second resistor 3.

A third resistor 8 and a fourth resistor 9 are connected 1n
series between a VREFL terminal 6 to which a voltage
VREFL 1s applied and aVREFH terminal 7 to which a voltage
VREFH 1s applied.

A rat1o of a resistance of the first resistor 4 to aresistance of
the second resistor 3 1s substantially equal to a ratio of a
resistance of the third resistor 8 to a resistance of the fourth
resistor 9. It 1s preferable that the first resistor 4 and the third
resistor 8 have the same resistance R1 and the second resistor
5 and the fourth resistor 9 have the same resistance R2. When
the second resistor 5 1s the variable resistor, the fourth resistor
0 1s also made of a variable resistor in accordance with 1t, and
the ratio of the resistance of the first resistor 4 to the resistance
of the second resistor 5 1s always kept equal to the ratio of the
resistance of the third resistor 8 to the resistance of the fourth
resistor 9 1n normal operation. The voltage VREFL 1s a half of
the first power supply voltage VDDL, and the voltage VREFH
1s a half of the second power supply voltage VDDH.

The amplifier circuit 1 1s provided with the operational
amplifier 10. The operational amplifier 10 1s structured so that
a voltage at a connecting node between the first resistor 4 and
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the second resistor 5 1s applied to 1its first differential input
terminal (-), either a voltage at a connecting node between the
third resistor 8 and the fourth resistor 9 or the voltage VREFH
1s selected by a switch 12, that will be described later, and
applied to 1ts second differential input terminal (+), and 1ts
output 1s outputted to a circuit such as a speaker 1n a subse-
quent stage through the output terminal 3, as well as being
applied to the first differential input terminal (-) through the
second resistor 3 that serves as a feedback resistor.

A switch 11 1s provided between the first resistor 4 and the
first differential mnput terminal (-). The switch 11 1s not lim-
ited to be located as described above and may be located
between the mput terminal 2 and the first resistor 4, for
example. The switch 12 1s connected with the second differ-
ential input terminal (+) of the operational amplifier 10 and
controls so that either the voltage at the connecting node
between the third resistor 8 and the fourth resistor 9 or the
voltage VREFH 1s applied to the second differential input
terminal (+). The switch 11 1s controlled to be turned on
during a normal operation and turned off during a mute opera-
tion. The switch 12 1s controlled so that the voltage at the
connecting node between the third resistor 8 and the fourth
resistor 9 1s applied to the second differential input terminal
(+) during the normal operation and the voltage VREFH 1s
applied to the second differential input terminal (+) 1n the
mute operation. That 1s, when the switch 11 1s turned ofif, the
input signal to the first differential input terminal (-) 1s cut off
and the output of the operational amplifier 10 becomes the
voltage VREFH to accomplish the mute operation. Since the
amplifier circuit 1 according to the embodiment 1s formed
with fewer number of operational amplifier compared with
the conventional structure that 1s provided with the level shift
circuit 102, the DC offset voltage of the operational amplifier

10 1s less likely to be caused. As a result, generation of noise
at turning on/off of the mute operation 1s suppressed.

Next, the output voltage Vout of the amplifier circuit 1
structured as described above 1n the normal operation will be
described. For the sake of simplicity of explanation, it 1s
assumed 1n the explanation described hereatter that the first
resistor 4 and the third resistor 8 have the same resistance R1
and the second resistor 5 and the fourth resistor 9 have the
same resistance R2. Although explanation 1s omitted, it
should be noted that 1t 1s easily proved that the same result 1s
obtained as long as the ratio of the resistance of the first
resistor 4 to the resistance of the second resistor 5 1s equal to
the ratio of the resistance of the third resistor 8 to the resis-
tance of the fourth resistor 9.

First, when the voltage applied to the first differential input
terminal (-) of the operational amplifier 10 1s denoted by Vx,
VX 1s represented by the following equation 6:

Rl Vour+ R2Vin

|Equation 6]
Vx =
R1 + R2

On the other hand, when the voltage applied to the second
differential input terminal (+) of the operational amplifier 10
1s denoted by Vy, Vy 1s represented by the following equation
7

RIVREFH + R2VREFL

y |Equation 7]
Y= R1+ R2
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Since a difference between the two differential mnput volt-
ages 1s 1deally zero, VX 1s equal to Vy. Thus, the following
equation 8 1s derived from the equation 6 and the equation 7:

R2 |Equation 8]
Vour= VREFH — H(Vm — VREFL)

Since Vin=VREFL+vi, where vi1 1s a change in the mput
voltage Vin, as shown 1n the equation 2, Vin-VREFL=v1. 10
Plugging this equation into the equation 8 gives the following
equation 9:

R2 | Equation 9] 15

Vour = mw’ + VREFH

Comparing the equation 9 with the equation 5 clearly
shows that the structure according to the embodiment of this ,,
invention gives the same value of the output voltage as
obtained with the conventional structure shown i FIG. 2.
With the structure according to the embodiment, the level
shift operation and the amplification of the input signal Vin
can be performed with less number of operational amplifiers 55
without using the conventional level shift circuit 102. As a
result, 1t 1s possible to resolve the problems of the error in the
gain and the DC oflset voltage caused by the variations in the
level shift operation of the level shift circuit, as existed with
the conventional structure. 30

In addition, the level shift operation and the amplification
can be performed with less circuit area and power consump-
tion compared with the conventional structure, since there 1s
no need of forming a large number of semiconductor devices
such as the operational amplifier and the resistors that are ;4
required 1n the conventional level shift circuait.

The first resistor 4 and the second resistor 5 that determine
the gain of the operational amplifier and the third resistor 8
and the fourth resistor 9 that determine the voltage applied to
the second differential mput terminal of the operational 4
amplifier 10 can be formed 1n the same process step, respec-
tively. Therefore, a variation in the ratio of the resistance of
the first resistor 4 to the resistance of the second resistor S as
well as a variation 1n the ratio of the resistance of the third
resistor 8 to the resistance of the fourth resistor 9 1s made 45
smaller to attain better accuracy 1n the level shift operation
and the amplification compared with the conventional struc-
ture.

Furthermore, the generation of noise at turning on/off of
the mute operation 1s suppressed since the DC offset voltage 5
of the operational amplifier 10 1s less likely to occur.

Note that this invention 1s not limited to the embodiment
described above and may be modified within the scope of the
invention. For example, although the amplifier circuit that
shifts the input signal to the higher DC level 1s described in the 54
embodiment, 1t 1s also possible to form the amplifier circuit so
as to shiit the mnput signal to a lower DC level. This invention

6

can be widely applied as a technology to level-shift, amplity
and transier a signal between circuits operating at power
supply voltages different from each other.

With the structure of the amplifier circuit according to the
embodiment of this invention, the operational amplifier can
perform both the level shift operation and the amplification.
As a result, the need for the conventional level shift circuit 1s
climinated to reduce the power consumption and the size of
the amplifier circuit. Also, 1t 1s made possible to prevent the
error 1n the gain and the DC offset voltage caused by the
variations 1n the level shiit operation of the level shiit circuit,
as existed with the conventional structure.

What 1s claimed 1s:

1. An amplifier circuit for level-shifting and amplifying a
signal, comprising:

an input terminal recerving a signal varying around a first

voltage;

an output terminal outputting a signal varying around a

second voltage;

a first terminal receiving the first voltage;

s second terminal receiving the second voltage;

a first resistor and a second resistor connected in series

between the mput terminal and the output terminal;

a third resistor and a fourth resistor connected 1n series

between the first terminal and the second terminal;

an operational amplifier comprising a first differential

input terminal and a second differential input terminal,
the first differential input terminal being connected to a
connecting node between the first resistor and the sec-
ond resistor; and

a first switch that selects and supplies to the second differ-

ential input terminal either the second voltage or a volt-
age at a connecting node between the third resistor and
the fourth resistor,

wherein an output of the operational amplifier 1s supplied

to the output terminal and fed back to the first differential
input terminal through the second resistor, and

a ratio of a resistance of the first resistor to a resistance of

the second resistor 1s equal to a ratio of a resistance of the
third resistor to a resistance of the fourth resistor.

2. The amplifier circuit of claim 1, further comprising a
second switch connected between the first resistor and the
first differential input terminal and configured to disconnect
the first differential input terminal from the first resistor dur-
ing a mute operation of the amplifier circuait.

3. The amplifier circuit of claim 1, wherein the second
resistor and the fourth resistor are variable resistors.

4. The amplifier circuit of claim 1, wherein the resistance of
the first resistor 1s equal to the resistance of the third resistor
and the resistance of the second resistor 1s equal to the resis-
tance of the fourth resistor.

5. The amplifier circuit of claim 2, wherein the first switch
1s configured to select the second voltage during the mute
operation.
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